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Abstract 
This paper is concerned with the possibility of using plastic bottle waste as an ingredient to the 
Asphaltic Concrete Wearing Course (AC-WC). This research is explores the effect of adding plastic and 
cement as ingredient to the mixture of asphalt concrete on the characteristics of Marshall. Plastics that are 
added are 2:4 and are 6% in weight. It was observed that the optimum bitumen content on the addition of 
4% plastic and Marshall stability increases by 19% compared to the AC-WC without addition of plastic. 
The positive effect of plastic bottle on the characteristics of Marshall, along with its enviromental 
advantages, make this material a feasible additive.  
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).  
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1.Introduction 
One type of flexible pavement layers for highways being used in Indonesia is Asphalt Concrete 
Wearing Course. It consists of asphalt and continues graded aggregate  mixed , casted  and compacted in 
hot mixture at certain temperature. Mechanical strength of the mixture is obtained from the friction 
between the grains of aggregate and the quality of asphalt as a binder. 
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The development of traffic roads nowadays requires mixture that has a higher stability and longer 
durability. One way to increase stability is to improve the quality of asphalt as a binder. We need a 
material added in asphalt to get a higher stability, lower stiffness so as to withstand the potential for 
fatigue cracking, and resolve possible problems of failing to reach the long-lived age roads due to damage 
being caused by  softening, oxidation on the asphalt and  high temperature.  
Beverage packaging using plastic bottles are commonplace nowadays. A lot of plastic bottle waste will 
increase the burden for the government in recycling plastic waste. The advantage of Plastic (PET) is 
strong but lightweight. It is thermoplastic and not rusty, which can be colored. It will become soft by 
heating and melts at 110° C. Characteristics of PET are: high strength, rigid, stiff, chemical and heat 
resistant. It also has good electrical properties. PET has low water vapor absorption, so does the 
absorption of water. Previous research has shown that the addition of plastic into the mixture could 
improve the properties of hot mix (Suroso, 2004)). This study explores the good nature of plastic for 
increasing the strength of Asphaltic Concrete Wearing Course. The purposes of this research are to obtain 
the effect of adding plastic bottles and cement as an ingredient added to the mixture of asphalt concrete 
on the characteristics of Marshall, covering density, Void in the Mix (VITM), Void In The Aggregate 
(VITA), Void Filled With Asphalt (VFWA), Stability, Flow, and Marshall Quotient (QM). 
2. Literature review 
Suroso, (2004) notes that one way for increasing softening point of asphalt was by adding plastic into 
bitumen. The result shows on one hand, it is increasing the softening point of asphalt, but on the other 
hand, the value of bitumen penetration decreases.So is not easily affected by temperature differences, 
while the value of stability and Marshall Quotient increase too. Suroso (2004) also indicates that plastic 
content of 3%, 3.5% and 4% could improve the quality of plastic asphalt admixture. According to 
Nugrohojati (2002), plastic is an additive in increasing stiffness of admixture of Hot Roll Asphalt. In his 
study, 0.3% of plastic in bitumen contains 6.8% and 7.3% in admixture, and it has a higher stability than 
the admixture with levels of 0.2% for other additives on the same asphalt content. 
3. Laboratory tests. 
The Standard Method used in this research is The Indonesian Specification for Hot-mix Asphalt 
Department of Public Work 2010. 
3.1.Bitumen properties 
Petroleum asphalt (Pen 60/70) was used in the AC-WC admixture as an ordinary binder material. 
Result of the laboratory tests are presented in Table 1. 
3.2. Aggregate Properties 
The laboratory tests were performed to evaluate the properties of coarse aggregates, specification 
adopted and results of these laboratory tests are given in Table 2. 
The aggregate grading used in this study was the aggregate grading for Indonesian’s Asphaltic 
Concrete Wearing Course ( AC - WC ), as shown in Table 4.  The grading curve started from the upper 
side, crossed the Euler’s curve and then was laid at the bottom side. 
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Table 1 Specification and Test Result for Bitumen Properties 
No Description Unit Test Result
Indonesian Specification* 
Minimum Maximum 
1 Penetration 25 ºC,100gr,5second 0.1 mm 70,6 60 79 
2 Softening Point, ºC ºC 50 48 58 
3 Flash Point, ºC ºC 310 200 - 
4 Ductility ,25 ºC, cm 135 100 - 
5 Solubility,% weight ºC 99,61 99 - 
6 Specific Gravity - 1,063 1 - 
7 Loss on Heating (TFOT),% weight % 0,027 - 0,8 
8 Penetration after TFOT,% original % 68,53 54 - 
*Specification source: Departement PU, 2010.  
Table 2 Specification and Test Results for Aggregate and Filler Properties 




1 Water Absorption % 1,34 - 3 
2 Specific Gravity - 2,63   
3 Los Angeles Abrasion test value % 26,14 - 40 
4 Angularity % 30 - 95/90 
5 Flakiness Index % 4 - 10 
6 Elongation Index % 4 - 10 
7 Material Passing sieve no 200 % 0,6 - 1 
8 Adhesiveness to the asphalt % 97  95 
Fine Aggregate 
1 Water Absorption % 0,30 - 3 
2 Specific Gravity - 2,76   
3 Sand Equivalent % 91 - 50 
4 Material Passing sieve no 200 % 2 - 8 
5 Angularity % 35 - 45 
Filler     
1 Specific Gravity (Portland Cement) - 3,14 - - 
*Specification source: Dept. PU, 2010.  
3.3. Method of study:  mix design of asphaltic concrete wearing course (AC-WC). 
The principle design of bituminous admixtures is to choose the aggregate type, aggregate grading, 
bitumen grade, bitumen modifier (if necessary), and to determine the bitumen content that would 
optimized its engineering properties in relation to the in-service behavior during pavement life (TAI, 
1993).  In this research,  mix design was prepared in 4 (four) types of mixture, namely: (1) ACPlastic 0%, 
without plastic (PET), (2) ACPlastic 2%,-mix with 2 % plastic (PET), (3) ACPlastic 4% -mix with 4 % 
plastic (PET) , and (4) ACPlastic 6% -mix with 6 %  plastic (PET). Plastic content in percent was by 
weight of asphalt. All types of mixtures used petroleum asphalt from PT PERTAMINA Pen 60/70 and 
addition of 2% of Portland Cement-filler. In order to determine the Optimum Asphalt Content (OAC) of 
AC-WC mixture, the Indonesian Specification (Dept. PU, 2010) required 7(seven) parameters to be 
considered, namely density, Void In The Mix (VITM), Void In The Aggregate (VITA), Void Filled With 
Asphalt (VFWA), Stability, Flow, and Marshall Quotient (QM). The specimens for this study are 
presented in Table 3. For Standard Marshall Test there were 4 x 15= 60 samples.  
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Table 3  The number of specimens used in the research.
Mix Types 
Standard Marshall Test*) 
Qty Description 
ACPlastic 0%, 15 
Asphalt Content 
5 % to 7 % by weight, at 0,5% increment, 3 samples for each asphalt 
content. 
ACPlastic 2% 15 
ACPlastic 4% 15 
ACPlastic 6% 15 
Total 60  
*) test was conducted after  the samples are soaked for 0,5 hour at 600C.
Table 4 Specification for Aggregate Grading for Indonesian AC-WC and test results 
Sieve size AC-WC Specification* Test Result 
ASTM (mm) % Passing % Passing 
1 ½” 37,5 - -
1” 25 - -
¾” 19 100 100 
½” 12,5 90 - 100 92,45 
3/8” 9,5 Max 90 85,5 
No. 4 4,75 61,9 
No. 8 2,36 28 - 58 37,76 
No. 16 1,18 - 22,83 
No. 30 0,600 - 13,13 
N0. 50 0,300 - 9,76 
No. 200 0,075 4 – 10 3,98 
Disallowance Areas 
No. 4 4,75 - 61,95 
No. 8 2,36 39,1 37,76 
No. 16 1,18 25,6 – 31,6 22,83 
No. 30 0,600 19,1 – 23,1 13,13 
No. 50 0,300 15,5 9,76 
*Specification source: Dept. PU, 2010.  
3.4. Mixing plastic (PET) into the mixture
There are two techniques in mixing plastic with asphalt admixture, namely: (1) Wet  process: a way of 
mixing in which the plastic is inserted into the hot asphalt and stirred at high speed until homogeneous. 
This method requires substantial additional funds including fuel, asphalt mixer at high speed. This 
method requires high cost. (2) Dry process: a way in which the plastic is inserted into the aggregate 
mixture and  is heated at a mix temperature, then the hot asphalt is added. This method can be cheaper 
than the wet method. The method offers easier way to insert the plastic into the hot aggregate, without 
requiring any other equipment of mixture. This study apparently used the second way namely the dry 
process. 
4. Results and discussion 
Plastic being added in the samples was not entirely melting. Each piece may partly be melted and 
partly be turned shrinking into fine fibers. Liquid plastic can improve the properties of asphalt (Suroso 
836   Lilies Widojoko and P. Eliza Purnamasari /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  832 – 841 
(2004) and Nugrohojati (2002)), but fine plastic fibers cause the mix density reduces. This is due to the 
fact that fine plastic fibers can prevent asphalt to fill the cavity in the asphalt mixture The amount of 
plastic being melted and unmelted between samples was not the same, even in the test specimen with the 
same bitumen content and plastic content. Therefore, this study is exploring more about the trend line of 
graphs rather than to study the value (number) on the graph. This phenomenon affects the characteristics 
of Marshall, covering Density, Void In The Mix (VITM), Void In The Aggregate (VITA), Void Filled 
With Asphalt (VFWA), Stability, Flow and Marshall Quotient (QM). 
4.1. Effect of plastic as an additive to the density at various  levels of asphalt content 
Figure 1 indicates that the density of asphalt concrete admixtures without additive is higher than that of 
using added plastic materials. This is because of the fact that when plastic is mixed with hot aggregates at 
170°C, the plastic curves and it is not completely melted. When asphalt is added into the hot aggregate, 
plastic is still in the form of curved fine fiber. The density of plastic is lower than the density of 
stone/sand aggregate and  the density of asphalt concrete mixtures with the addition of plastic is lower 
than that without plastic materials, while fine plastic fibers cause the increasing cavities in the mixture. 
The addition of bitumen content, density value has apparently increased along with the increase of levels 
of asphalt. This is due to the increase of free bitumen in the admixture. The inter-aggregate voids are 
filled with asphalt which can be further increased. So, the admixture has also become denser. For the 
same bitumen content, the higher levels of plastic content, the more cavity generated. As the result, pore 
content in the  mixture become higher, while the mixture with plastic becomes less dense than those 
without plastic. 
Fig. 1 Relationship between Density and Asphalt Content  
Figure 1 shows the graph lines of the density values on the addition of plastic 2% and 4% have almost 
the same results, but lower than those without plastic, while the addition of plastics as much as 6%, the 
density becomes decreased significantly. The highest density value in the admixture is 2.25 gr/cm3 with a 
bitumen content of 7% without the addition of plastic, while the lowest density value generates 2.06 
gr/cm3 in the bitumen content of 5.5% and in the plastic content of 6% by weight of asphalt. 
4.2.Effect of plastic as an additive to the Void in the Mix (VITM ) at various levels of asphalt content. 
Figure 2 shows graph trend line that indicates that the higher asphalt content, the smaller the value of 
VITM mixture. This is due to the bigger amount of asphalt being added to the mixture. As a result, the 
cavity is filled more with asphalt mixture. The addition of plastics causes an increase in the VITM 
value. The higher levels of plastic added, the higher the VITM value.  This is due to fine plastic fibers 
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being added to block the asphalt and to fill voids in the mixture. The more plastics used, the greater the 
cavity formed. The line graph shows that the addition of plastic at 2% and 4%, the VITM was almost the 
same, but higher than without plastic, whereas the addition of plastics at 6%, it significantly raised VITM. 
VITM highest value was in a mixture with bitumen content at 5.5% and 6% plastic content that is 10.5%, 
while the VITM lowest value was 1,4 % in bitumen content in the mixture 7% and  2% addition of plastic.  
Fig. 2 Relationship between VITM and Asphalt Content 
4.3. Effect of plastic as an additive to the Void in the Aggregate  (VITA) at various levels of asphalt 
content. 
VITA is associated with the total aggregate bulk specific gravity and compacted mixture bulk specific 
gravity. Compacted mixture bulk specific gravity is associated with aggregate gradation. The low 
aggregate bulk specific gravity has resulted in the enlarged aggregate volume and the VITA becomes 
small.  
Figure 3 graph trend line indicates that the mixture without plastic corresponds to the normal pattern of 
VITA, which initially fell and rose. With the addition of bitumen content, "lubricant" between the 
aggregate grains has increased. The aggregate grains have easily become closer, so the samples have 
become increasingly denser. As a result, the voids in the aggregate have gone down. If the asphalt added 
after reaching the optimum bitumen content, then the excess asphalt causes the distance between the 
aggregate increases. It has increased the void in the aggregate. Consequently, the VITA has increased too. 
Fig. 3Relationship between VITA and Asphalt Conten
With the addition of plastic, the graph trend line changed. This is due to the presence of plastic fine 
fibers and as a result, it improved asphalt properties in the admixture. Figure 3 graph trend line shows the 
higher levels of plastic, the higher the value of VITA. The addition of plastic at 2% and 4%, the VITA  
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line is almost the same, but higher than without plastic. Whereas the addition of plastics at 6%, it 
significantly raised VITA. Laboratory test shows the VITA highest value is in the mixture with the 
bitumen content of 5.5% and plastic content of 6%. This is equal to 27.6%. While the lowest VITA value 
is 21,9% in mixtures with bitumen content of 5% and plastic addition of 4%. 
4.4. Effect of plastic as an additive to the Void Filled With Asphalt (VFWA)  at various levels of asphalt 
content. 
Fig4 Relationship between VFWA and Asphalt Content 
Figure 4 graph trend line shows that with the addition of bitumen, the value of VFWA become 
increased. This is due to the elevated levels of asphalt has caused the cavities in the mixture which can be 
filled with asphalt  increases. 
The addition of plastic content leads to the decrease of VFWA value along with increasing level of 
plastic content. Figure 4 shows that the addition of plastic  at 2% and 4%, VFWA line is almost the same, 
but higher than without plastic, whereas the addition of plastics as much as 6%, significantly causes 
VFWA line to decrease.VFWA highest value is in a mixture with bitumen content of 7 % and plastic 
content of 2% that is 80,6 %, while the VFWA lowest value is 56,6% in bitumen content in the mixture 
5% and  6% addition of plastic. 
4.5. Effect of plastic as an additive to the Stability at various levels of asphalt content. 
Figure 5 shows graph trend line where the increasing in bitumen content resulting in a stronger bonds 
between the aggregates, asphalt and plastic. As a result, the stability increased. But, bitumen content 
above the optimum bitumen content thickened the asphalt blanket and softened the mixture. When 
pavements support the traffic load, the asphalt is easy to shift and caused deformation of the mixture. As a 
result, the stability of the mixture decreased. 
Fig. 5 Relationship between Stability and Asphalt Content 
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With the addition of plastic levels of 0%; 2% to 4% the stability value tends to increase. This is due to 
the addition of angle shaped plastic fibers and aggregates which are covered with asphalt interlock 
properly. Aggregates positions are not easily shifted from their place when it supports the load. 
Consequently, the stability of admixture increased. In addition, the mixing of liquid plastic with asphalt 
has increased the power of cohesion and adhesion of asphalt. Therefore, the bonding becomes increased. 
But in the plastic content of 6%, there is a decline line in stability, because the level of the cavity in the 
admixture become higher than before. 
The highest peak value of stability has been 1491 kg in admixture with bitumen content of 6% and 4% 
plastic content whereas the lowest peak value of stability has been 1069 kg in admixture with bitumen 
content of 5% without the addition of plastic. All the stability variations of the admixture qualified the 
minimum stability of 800 kg. 
4.6. Effect of plastic as an additive to the Flow at various levels of asphalt content. 
Figure 6 indicates an increased Flow in accordance with the increasing in bitumen content. This is due to 
the fact that the increasing level of bitumen has softened the admixture and the increasing flow of 
value.The increasing level of plastic content of 0%, 2%, 4% to 6% show  the increasing level of the value 
of flow which has caused the a better quality of asphalt (ductility). 
Fig6 Relation between Flow and Asphalt Content 
Fig7Relationship between Marshall Quotient (MQ) and Asphalt Content
The highest Flow value is 4,5 mm in a mixture with bitumen content of 7 % and plastic content of  6 %, 
while the  lowest value was 3,2 mm in bitumen content in the mixture 5% and without addition of plastic. 
All Flow values qualify the minimum Flow  required by the specification that is more than 3mm. 
4.7. Effect of plastic as an additive to the Marshall Quotient (MQ) at various levels of asphalt content. 
Figure 7 shows the increase in plastic content of 0%, 2% to 4% has led to the value of QM with the 
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addition of plastic and the tendency was higher than the mixture without  plastic.  This was because the 
stability of the mixture increased with the increasing levels of plastic. Although there was an increase in  
the value of  mixture flow when the plastic added, the increasing level of flow value was lower than 
the increasing level in stability. While with the plastic content of 6%, the value of QM decreased. This 
was in line with the decrease of stability in the plastic content of 6%. All QM values qualified the 
minimum QM required by the specification that is more than 250.   
5. Conclusions 
Bitumen content in the mixture must be accurately determined where the Optimum Asphalt Content 
(OAC) depends on the characteristics of such aggregate gradation and the absorption rate. Aggregate 
gradation is directly related to the OAC. The more subtle gradation of a mixture, the greater the total area 
of aggregates. This has caused a bigger amount of asphalt needed to cover the particles. The relationship 
between surface area of aggregates and OAC is clearly illustrated by the percentage of VITM, VITA and 
VFWA in the mixture. Variations in the number and size of the aggregate and filler (cement and plastic) 
in a mixture has caused  the changes in the nature of the mixture, which has resulted in conditions of 
excess or deficiency of asphalt mixtures. The value of OAC, VITM, VITA, VFWA, Stability, Flow and 
MQ has apparently qualified the specification as  shown in table 5. 
The maximum stability has been in the mixture with plastic content of 4%.  In that case, the addition of 
plastic has increased the stability of 1069 kg to 1320 kg. This is equal to 23.5%, from the mixture without  
plastic into the mixture with plastic content of 4%.  
In addition, in the plastic content of 6%, the laboratory tests actually show a decreasing level in 
stability, because the cavity  happened more frequently. So, in this study, levels of plastic that should be 
added is equal to 4% only. 
Table 5 Marshall Test results of Wearing Course (AC-WC) 
Mix types OAC VITM VITA VFWA Stability Flow MQ 
(%) (%) (%) (%) kg mm kg/mm 
ACPlastic 0%, 6,2 4,3 16 70,5 1069 3,3 321 
ACPlastic 2% 6,18 4,8 16,6 68 1180 3,52 335 
ACPlastic 4% 6,35 4,6 16,6 73 1320 3,64 400 
ACPlastic 6% 6,85 4,9 17,6 72 1300 4,3 370 
Specification *) - >15 3,5-5,5 >65 >800 >3 >250 
The increasing level of plastic will influence the increasing value of VITM. A high value of VITM has 
caused the reducing durability of the pavement. It is because of the larger cavity that has facilitated the 
entry of water and air into the pavement layers. The air has oxidized the asphalt.The oxidation has thinned 
the asphalt blanket while bitumen cohesion and adhesion become decreased. The phenomenon of 
oxidation decreases if the quality of asphalt increases with the presence of liquid plastic in asphalt. 
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